T he risk of ipsilateral ischemic stroke in patients with recent ocular ischemic events is less than half that of otherwise similar patients with recent cerebral ischemic events, [1] [2] [3] and in those with carotid stenosis, their prognosis is similar to that in patients with asymptomatic stenosis. 4, 5 Consequently, in patients with ≥70% carotid artery stenosis in the European Carotid Surgery Trial and North American Symptomatic Carotid Endarterectomy Trial (NASCET), the absolute reduction in 5-year risk of ipsilateral ischemic stroke with surgery was ≈5% for patients with recent ocular events and 17% for those with cerebral events, 4,5 despite a lower procedural risk in the patients with ocular events only. 4, 5 Across all carotid endarterectomy trials and case-series, the 30-day risk of stroke in patients with ocular ischemic events is less than half that in patients with cerebral events independent of degree of carotid artery stenosis, 6 and the same difference has been observed in the procedural risk of carotid stenting.
T he risk of ipsilateral ischemic stroke in patients with recent ocular ischemic events is less than half that of otherwise similar patients with recent cerebral ischemic events, [1] [2] [3] and in those with carotid stenosis, their prognosis is similar to that in patients with asymptomatic stenosis. 4, 5 Consequently, in patients with ≥70% carotid artery stenosis in the European Carotid Surgery Trial and North American Symptomatic Carotid Endarterectomy Trial (NASCET), the absolute reduction in 5-year risk of ipsilateral ischemic stroke with surgery was ≈5% for patients with recent ocular events and 17% for those with cerebral events, 4 ,5 despite a lower procedural risk in the patients with ocular events only. 4, 5 Across all carotid endarterectomy trials and case-series, the 30-day risk of stroke in patients with ocular ischemic events is less than half that in patients with cerebral events independent of degree of carotid artery stenosis, 6 and the same difference has been observed in the procedural risk of carotid stenting. 7 The reasons for the relatively low risk of ipsilateral ischemic stroke in patients with carotid stenosis and ocular ischemic events are not fully understood. However, the fact that these patient groups have the same prevalence of previous coronary heart disease and peripheral vascular disease and the same risk of future coronary events 5, [8] [9] [10] suggests that the lower stroke risk in patients with ocular events only may reflect differences in local carotid plaque pathology. The only previous study comparing histological plaque features from patients with ocular versus cerebral ischemic events suggested that patients with ocular events may have more stable plaques, 11 but the number of cases was too small to allow reliable adjustment for differences in other risk factors. We aimed to study carotid plaque composition in a larger number of consecutive patients undergoing carotid endarterectomy for symptomatic stenosis to compare features in those who had cerebral events within the last 6 months versus those with ocular events only.
Methods
We studied data from 2 large carotid plaque biobanks in the United Kingdom (Oxford Plaque Study) and the Netherlands (Athero-Express Study) in which plaques from consecutive patients undergoing carotid endarterectomy underwent detailed histological assessment with reproducible semiquantitative scales. Patients were included if they had a symptomatic ischemic event within 6 months before carotid endarterectomy. All consecutive consenting patients who underwent endarterectomy were included. The Oxford Plaque Study included 481 plaques collected between 1975 and 2002, and the Athero-Express Study included 1159 plaques collected between 2002 and 2011 (total n=1640).
All patients (and their relevant imaging) were reviewed by a neurologist before carotid endarterectomy. Patients were categorized as having only ocular ischemic events or cerebral events during the 6 months before endarterectomy. Ocular symptoms were defined as amaurosis fugax or retinal infarction without symptoms of transient or sustained cerebral ischemia. Patients were excluded if they had undergone surgery for asymptomatic disease, restenosis, or radiotherapy-induced carotid stenosis. Patients were operated under local anesthesia or general anesthesia with selective shunt use based on either clinical status (for local anesthesia) or standard electroencephalogram or transcranial Doppler criteria (for general anesthesia). Endarterectomies were performed by either conventional or eversion techniques, with careful dissection of the bifurcation into the internal and external carotid arteries. Atherosclerotic plaque was harvested and transported to the laboratory immediately after dissection.
The processing and assessment of carotid plaques has been described in detail for both studies previously. [12] [13] [14] [15] Briefly, carotid plaques were formalin-fixed after endarterectomy, and either the whole plaque (Oxford Plaque Study) or the portion of the plaque showing maximum disease (Athero-Express Study) was paraffinembedded. After creating transverse sections, plaques were immunohistochemically stained with (1) hematoxylin and eosin (H&E) for assessment of overall plaque stability, lipid core, thrombus, and intraplaque hemorrhage, (2) elastin von Gieson for fibrous plaque content, and (3) CD68 for plaque macrophage content. Both studies applied comparable 3-, or 4-point semiquantitative scales for the assessment of overall plaque stability, lipid core, fibrous plaque content, microvessel density (neovascularization), macrophage infiltration, and calcifications, as defined previously (Table I in the online-only Data  Supplement) . [12] [13] [14] [15] To maximize comparability and overlap of definitions between studies, the scales were transformed into binominal variables (Table I in the online-only Data Supplement).
Overall plaque instability was based on a modified American Heart Association classification used for coronary atherosclerosis, which incorporates important features that determine carotid plaque stability, such as lipid core size, inflammation, and fibrous content, as described previously. 12 The concept of plaque vulnerability has been well described for coronary atherosclerotic lesions, 16 and more recently has been applied to the carotid circulation. 17, 18 We have assessed for the presence of multiple plaque characteristics thought to be associated with vulnerability (intraplaque hemorrhage, thrombus, large lipid core, low fibrous content, and inflammation-macrophage infiltration) to grade the degree of plaque vulnerability. SPSS version 18.0 (Chicago, IL) was used for all statistical analyses. Baseline demographics for ocular and cerebral event patients were examined with Student t test and Mann-Whitney U test for parametric and nonparametric continuous variables, respectively. Baseline differences in nominal variables were examined with Pearson χ 2 test. Associations between binominal plaque characteristics and presenting symptoms were assessed with adjusted odds ratios (ORs) produced from multivariable binary logistic regression analysis, including potentially confounding baseline differences (age, sex, diabetes mellitus, hypercholesterolemia, and hypertension). Logistic regression analysis was also used to test for differences in the presence of multiple vulnerable plaque characteristics in relation to clinical presentation. Heterogeneity between study cohorts for individual plaque features was assessed for using interaction terms in binary logistic regression. Because no significant heterogeneity was found, binominal data from both studies were combined for pooled analysis. However, all such analyses were still stratified by study cohort. Three-year follow-up data were available for 99.0% (1624/1640) of patients. Outcome event rates were derived by Kaplan-Meier analysis.
Results
The Oxford Plaque Study comprised 481 plaques, and the Athero-Express Study comprised 1159 plaques, resulting in a total sample of 1640 plaques (323 with ocular ischemic events only and 1317 with cerebral ischemic events). The baseline characteristics and differences between patients stratified by presenting event and study are provided in Table  1 . In the Oxford Plaque Study, patients with cerebral events had higher prevalence of diabetes mellitus, treated hypercholesterolemia (statin therapy), and hypertension compared with those with ocular events. In the Athero-Express Study, patients with cerebral events were older, and in the total pooled sample, patients with cerebral symptoms were older and had a higher prevalence of diabetes mellitus, treated hypercholesterolemia, and hypertension than those with ocular events. We, therefore, provide ORs both unadjusted and adjusted for age, sex, diabetes mellitus, and treated hypercholesterolemia and hypertension in our analyses. In neither cohort was there any difference between patients with ocular events only and those with cerebral events in the frequency of previous myocardial infarction, peripheral vascular disease, or degree of symptomatic carotid stenosis. During 3-year follow-up postendarterectomy, rates of myocardial infarction were similar in both groups (Figure) .
Within the cerebral events group, 39.6% of patients were classified as having partial anterior circulation strokes, 54.4% as nonlacunar transient ischemic attacks, and 6.0% as possible lacunar events. Within the ocular group, 80.8% were amaurosis fugax, and 19.2% were retinal artery occlusions. For 93.8% of patients, this event was their first-ever event ipsilateral to the side of carotid stenosis; 69.2% of patients in the ocular group and 60.4% in the cerebral group had multiple events within the 6-month period before surgery. Table 2 shows the histological characteristics of plaques in patients with ocular events only versus those with cerebral events analyzed separately in each study. The findings were similar in the 2 studies, with no statistically significant heterogeneity for any characteristic. In the pooled analysis, plaques from cerebral event patients were more unstable overall (OR, 1.39; 95% confidence interval [CI], 1.07-1.79; P=0.01), had greater macrophage staining (OR, 1.33; 95% CI, 1.04-1.71; P=0.03), were more likely to have a large lipid core (OR, 1.38; 95% CI, 1.06-1.80; P=0.02) and lower fibrous content (OR, 0.70; 95% CI, 0.54-0.90; P=0.006), and were less calcified (OR, 0.77; 95% CI, 0.60-0.98; P=0.03). Each of these differences remained statistically significant after adjustment for age, sex, diabetes mellitus, and treated hypercholesterolemia and hypertension; Table 2 ).
Analysis of additional plaque characteristics from each study, which were not overlapping, showed that lymphocyte infiltration (CD3 staining) was also significantly associated with cerebral events (Table 3) . No other nonoverlapping characteristics were associated with presenting symptomatic event (Table 3) . Plaque rupture tended to be more common
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in patients with cerebral events in the Oxford Plaque Study, but this did not reach statistical significance. Plaque rupture was not recorded in the Athero-Express Study. Additional subgroup analysis within the ocular event patient group revealed no significant differences in plaque composition for single amaurosis fugax versus multiple ocular symptoms versus retinal artery occlusions (data not shown). The median time from event to intervention was 56 days; 33.7% of patients were operated within 30 days of event. Subgroup analysis revealed that plaques removed within 30 days tended to be more unstable and inflammatory for both groups of patients (cerebral and ocular ischemic events), but the relative differences in the presence of plaque features remained fairly static (data not shown). Analysis of the overall number of plaque characteristics believed to be associated with the vulnerable atherosclerotic plaque (presence of thrombus, large lipid core, low fibrous content, intraplaque hemorrhage, and macrophage infiltration) showed that the plaques from patients with cerebral event plaques had a significantly greater number of vulnerable plaque features than those from patients with ocular events only (Table 4 ; trend P=0.002).
Discussion
In the largest-ever study of carotid plaque histology, we have shown that plaques from patients with recent cerebral ischemic events differ significantly from those with recent ocular ischemic events. Plaques from patients with cerebral events were significantly more unstable, lipid-rich, and inflammatory, whereas those from patients with ocular events were significantly more fibrous and calcified. In addition, the overall number of vulnerable plaque features was greater in the plaques from patients with cerebral events when compared with those with ocular events.
These differences in local plaque histology may partly explain why the nature of the presenting symptoms differ (ie, ocular ischemia versus cerebral ischemia) and why the risk of ipsilateral ischemic stroke is lower in patients with ocular events despite similar prevalence of coronary artery disease and peripheral vascular disease and similar risks of future acute coronary events, as shown in our follow-up analysis. For example, it has been shown that different plaque types produce microembolic debris of different sizes and composition. 19 Calcified, fibrous plaques, which we found to be associated with ocular events, tend to produce smaller, fibrin-rich emboli, whereas atheromatous, inflammatory plaques, which we have found to be more associated with cerebral events, release larger lipid-rich emboli. 19 The vascular anatomy and potential collateral perfusion of the retina clearly differ from that of the brain, and it is likely to be less tolerant of small emboli. Although we lack the ability to routinely monitor asymptomatic 20 However, there are also likely to be differences in cellular tolerance to transient ischemia and in the threshold for symptomatic awareness of a given level of ischemia between the retina and the brain.
The differences in plaque composition between patients with ocular versus cerebral events might also explain the lower procedural risks of stroke in patients with ocular events, both for endarterectomy [4] [5] [6] and for stenting. 7 In the case of carotid stenting, plaque composition has been associated with risk of periprocedural embolic events and early ipsilateral stroke. [21] [22] [23] In the case of endarterectomy, MRI-detected ulcerated, irregular plaque surface has been reported to be associated with increased rates of periprocedural embolization. 24 We do not have detailed plaque imaging (echo-Doppler or MRI) for the majority of patients in this study. However, we have previously shown that plaque ulceration on angiography was strongly associated with several plaque features on histology. 12 For the subset of patients in this study with angiographic carotid imaging (n=89), irregular or ulcerated plaque surface was seen in 64.5% of patients with ocular symptoms versus 70.7% with cerebral symptoms (P=0.55). Similarly, on macroscopic visual inspection of plaques at the time of endarterectomy (n=337), 65.0% of patients with ocular symptoms versus 70.1% with cerebral symptoms had evidence of ulceration (P=0.36). Although these indirect assessments of plaque vulnerability correlate well with our validated histological assessments, they are clearly not as sensitive and are more prone to observer bias.
We found that there were a greater number of plaque features believed to be associated with plaque vulnerability from patients with cerebral ischemic events compared with those with ocular events (adjusted ORs up to 1.7). Despite this, over a quarter of patients with recent ocular events did have ≥4 of these vulnerable plaque features. This subgroup may be at higher risk of future stroke without endarterectomy and could benefit most from early carotid endarterectomy. Future plaque imaging studies should focus on low-risk groups of patients, such as those with recent ocular events, to determine the prognostic value of imaging surrogates of these vulnerable plaque features.
Although we consider our results to be valid, our study did have certain limitations. First, the study was a collaboration between 2 large carotid plaque biobanks, and although patient characteristics and techniques used for processing and assessment of plaques were similar, some differences are noteworthy. The Oxford Plaque Study examined the entire specimen along the longitudinal axis with 3-mm intervals, whereas the Athero-Express Study examined the culprit lesion, adjacent segments being processed for protein extraction. However, both studies have shown previously that differences in sampling and sectioning technique do not have a major impact on categorization of plaque histology. 13, 15 Second, many plaques from the Oxford Plaque Study were collected in the 1980s and 1990s, after which the time from symptoms to surgery has been reduced and the use of antiplatelet agents and statins has increased. However, our findings in the 2 separate studies were similar despite these changes. Third, we cannot prove that the differences in plaque histology that we have identified between patients with ocular and cerebral events would be responsible for the well-documented differences in expected risk of stroke had the patients not had endarterectomy. However, it has been shown previously that the risk of ipsilateral ischemic stroke during the few years after endarterectomy is similar in the 2 patient groups, 5 which supports the hypothesis that the difference in stroke risk in patients who do not have surgery is attributable to the plaque. The presence of intracranial atherosclerotic stenosis is known to be an independent risk factor for future ischemic stroke in medically treated patients with symptomatic carotid stenosis. The lack of intracranial arterial imaging on patients in this study prevents us from excluding this as a confounding factor. However, in NASCET, the prevalence of intracranial stenosis was similar in patients with ocular events only (32.5%) and those with transient cerebral events (30.8%). 5 It is, therefore, unlikely that this factor has had any significance influence on our findings.
In conclusion, we have shown that carotid plaque composition differs between patients with recent ocular ischemic events versus cerebral ischemic events, which may help to explain the well-documented differences in stroke risk between these groups. However, the difference in rates of characteristics that are believed to be associated with plaque vulnerability between the groups was not substantial, and so other mechanisms might also be important, such as flow-dynamics and cellular ischemic tolerance in addition to plaque composition. 
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